F
amilial adenomatous polyposis (FAP) or Gardner's syndrome is an autosomal dominantly inherited disease characterised by innumerable adenomas in the large intestine and a high risk of colorectal cancer. 1 The majority of patients with FAP also develop gastroduodenal lesions, including fundic gland polyposis in the gastric body and multiple adenomas in the antrum and/or duodenum. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Although some genetic abnormalities specific to upper gastrointestinal neoplasia have been suggested within the adenomatous polyposis coli (APC) gene in animal experiments, 15 16 little is known of the impact of APC gene mutation on gastric lesions in patients with FAP.
The degree of atrophic gastritis and Helicobacter pylori infection has been shown to be associated with the development of some tumours and tumour-like lesions of the stomach in the general population. Adenocarcinoma of the intestinal-type, adenoma, and hyperplastic polyp are considered to occur in the atrophic gastric mucosa with H pylori infection, [17] [18] [19] while diffuse-type adenocarcinoma and fundic gland polyps tend to arise in the non-atrophic gastric mucosa with or without H pylori infection. 19 20 While the risk of gastric cancer in FAP remains controversial, 14 21 22 the high incidence of gastric cancer in Japanese patients with the disease compared with that in Western areas may be explained by H pylori infection. 19 23-25 While genetic alteration is believed to be the major predisposing factor for the development of upper intestinal lesions in FAP, the role of H pylori infection and atrophic gastritis in the pathogenesis of gastric lesions has not been determined. In the current study, we evaluated H pylori status and the degree of gastric mucosal atrophy in relation to gastric lesions in FAP patients.
METHODS

Subjects
Between November 1997 and December 1999, 31 patients from 24 families, all of whom had an established diagnosis of FAP and underwent upper gastrointestinal endoscopy, were enrolled in the current study. Patients included 19 men and 12 women, ranging in age from 10 to 72 years (mean 40 years). Time intervals between the initial diagnosis of FAP and the current endoscopic investigations ranged from 0 to 25 years (mean 9.7). None of the patients had developed carcinoma of the stomach or duodenum. Twenty four patients had undergone a total or subtotal colectomy, and 13 patients had colorectal cancer. Prophylactic total colectomy was recommended in the remaining seven patients. Gardner's stigmata, such as bone and soft tissue tumours, were found in 25 patients. Informed consent was obtained from each patient regarding the objective and protocol of the study.
Endoscopy and biopsy
Upper endoscopy was performed by an experienced endoscopist (MI) with a side viewing video endoscope (JF-200 or JF-230; Olympus, Tokyo, Japan) using the sprayed dye (0.2% indigo carmine) technique to confirm the presence of minute polyps. Whenever polypoid and/or depressed lesions were recognised in each of the gastric body and/or antrum, biopsy specimens were obtained from the largest and/or the irregularly shaped lesions in each site. In addition, biopsy specimens were also taken from the five points of the normal appearing mucosa at the lesser and greater curvature of the antrum and corpus and at the incisura angularis, as recommended in the updated Sydney system. 26 The total number of biopsy samples ranged from 5 to 9 (mean 6.9).
Histological assessment of background gastric mucosa
The biopsy specimens taken from the five sites of the normal appearing gastric mucosa were fixed in 10% formalin, embedded in paraffin, and routinely stained with haematoxylin and eosin. In each biopsy specimen, the degree of glandular atrophy was graded as normal (grade 0), mild (grade 1), moderate (grade 2), or marked (grade 3) by one observer (SN), according to the updated Sydney system. 26 The specimen from the incisura angularis was treated as an additional antral specimen. 26 The highest grade among three or two samples was chosen for the individual histological score at the antrum and corpus. H pylori status was also assessed by histological examination of the five biopsy specimens after being stained using the modified Giemsa stain and immunostained with polyclonal rabbit anti-H pylori antibody B471 (Dako, Glostrup, Denmark). 27 Serological assay of H pylori antibody and levels of pepsinogens Serum IgG antibodies to H pylori were measured by an enzyme linked immunoadsorbent assay using the high molecular weight cell associated protein immunoassay kit (Kyowa Medex, Tokyo, Japan), 28 and patients whose antibody titre was higher than the cut off value of 2.2 were regarded as positive. Serum levels of pepsinogen (PG) I and PG II were measured by a modified radioimmunoassay method using Riabead Kits (Dainabot, Tokyo, Japan), as described elsewhere. 29 The PG I/PG II ratio was calculated and used as a serological marker for the degree of atrophic change in the gastric mucosa. 30 31 APC gene analysis Genomic DNA was isolated from peripheral blood using a standard protocol. 32 Mutation of the APC gene was investigated by polymerase chain reaction based single strand conformation polymorphism and direct sequencing, as reported previously. 33 Based on the study of Enomoto and colleagues, 34 patients in whom the APC mutation was positive were subclassified as either the proximal mutation group, who had a mutation at a proximal region up to codon 416 in exon 9, or the distal mutation group, with the mutation at a more distal region.
Statistical analysis
Numerical data are given as mean (SD) unless otherwise stated. Statistical differences were evaluated using Fisher's exact probability test, χ 2 test, Mann-Whitney U test, or Kruskal-Wallis test. A p value less than 0.05 for each test was regarded as statistically significant.
RESULTS
Prevalence of gastric lesions and APC gene mutation
Of the 31 patients with FAP, gastric lesions were detected in 23 patients (74%) while duodenal adenoma was detected in 27 patients (87%). Fundic gland polyposis (FGP) was found in 16 patients (52%) and gastric adenoma (GA) in 12 patients (39%). FGP positive patients were younger than FGP negative patients (33.4 (14.4) v 46.5 (16.4) years; p<0.05) while ages did not differ between GA positive and negative patients (table 1) .
Data on mutations of the APC gene were available in 30 patients. In the remaining one patient, sufficient amount of genomic DNA could not be obtained. The APC germline mutations were identified in 22 of 30 patients (73%). Eight patients (27%) were considered to be negative for the APC mutation. Of the 22 patients positive for the APC mutation, six were subclassified into the proximal mutation group and 16 into the distal mutation group. 34 The relationship between the presence of gastric lesions and mutation of the APC gene is shown in table 1. The rate of positivity of the APC gene mutation did not differ between patients with FGP (12/16, 75%) and those without FGP (10/14, 71%). Conversely, all patients with GA had the APC mutation while the mutation was found in only 10 of 18 patients (56%) without GA (p<0.01). Among patients positive for the APC mutation, the proximal mutation group had GA less frequently (2/6, 33%) than the distal mutation group (10/16, 63%) but the difference was not statistically significant (p=0.23).
Positivity of H pylori antibody, PG I and PG II, and histological atrophy score Serologically, H pylori infection was positive in 12 of 31 patients (39%) with FAP. In each patient, the serological result was concordant with that determined by histology and/or immunohistochemistry. Neither age nor sex (male/female ratio) was different between the H pylori positive and negative patients. Table 2 summarises the relationships between gastric lesions and the serological/histological results. The prevalence of H pylori seropositivity in patients with FGP (13%) was significantly lower than in those without FGP (67%) (p<0.005). Although serum levels of PG I and PG II did not differ between the two groups, the PG I/PG II ratio was significantly higher in FGP positive (5.4 (1.6)) than in FGP negative (3.4 (1.7) ) patients (p<0.005). The histological score for glandular atrophy was lower in patients with FGP than in those without FGP at both the antrum and corpus (p<0.005).
H pylori positivity in patients with GA (58%) was higher than in those without GA (26%) but the difference was not statistically significant (p=0.08). Although serum levels of PG I and PG II did not differ between the two groups, the PG I/PG II ratio was significantly lower in GA positive (3.3 (1.2)) than in GA negative (5.2 (2.0)) patients (p<0.01). Histologically, patients with GA showed a higher degree of atrophy than those without GA, and the difference was statistically significant at the corpus (p<0.05) but not at the antrum (p=0.13). Among 12 patients with GA, the PG I/PG II ratio in H pylori positive patients (n=7) was significantly lower than in H pylori negative patients (n=5) (2.7 (1.2) v 4.0 (0.8); p<0.05).
H pylori status and PG I/PG II ratio in patients positive for APC gene mutation
The relationship between H pylori status and gastric lesions in 22 patients positive for the APC gene mutation is demonstrated in fig 1A. The rate of H pylori seropositivity in patients positive for the APC mutation with FGP (2/12, 17%) was significantly lower than in those without FGP (8/10, 80%) (p<0.005). H pylori positivity in patients positive for the APC mutation with GA (7/12, 58%) was higher than in those without GA (3/10, 30%) but the difference was not statistically significant. Figure 1B shows the relationship between the PG I/PG II ratio and gastric lesions in patients positive for the APC mutation. The PG I/PG II ratio in patients positive for the APC mutation with FGP (5.4 (1.6)) was significantly higher than in those without FGP (2.9 (1.5)) (p<0.005) while the ratio in those with GA (3.3 (1.2)) was significantly lower than in those without GA (5.4 (2.2)) (p<0.05).
Correlation of the type of gastric lesion with H pylori status and mucosal atrophy Based on gastric lesions, patients were further divided into four groups as follows: 11 patients with FGP alone, seven patients with GA alone, five patients with both FGP and GA (FGP+GA group), and eight patients without gastric lesions (negative group). Table 3 shows a comparison of the four groups.
Neither age nor the sex of the patients differed substantially among the four groups. The rate of H pylori seropositivity was Figure 1 Helicobacter pylori seropositivity (A) and serum pepsinogen (PG) I/PG II ratio (B) in 22 patients positive for the adenomatous polyposis coli (APC) gene mutation in relation to gastric lesions. (A) The rate of H pylori seropositivity in patients positive for the APC mutation with fundic gland polyposis (FGP) (17%) was significantly lower than in those without FGP (30%) (Fisher's exact probability test, p<0.005). H pylori positivity in patients positive for the APC mutation with gastric adenoma (GA) (58%) was higher than in those without GA (30%) but the difference was not statistically significant (p=0.18). (B) PG I/PG II ratio in patients positive for the APC mutation with FGP was significantly higher than in those without FGP (Mann-Whitney U test, p<0.005) while the ratio in those with GA was significantly lower than those without GA (p<0.05). lowest in the FGP alone group (0%) and highest in the GA alone group (71%). The FGP+GA group (40%) and the negative group (63%) showed an intermediate grade of H pylori positivity. A significant difference was found in H pylori positivity among the four groups (p<0.01). The PG I/PG II ratio was highest in the FGP alone group (6.0 (1.5)) and lowest in the GA alone group (2.6 (0.9)). The FGP+GA group (4.2 (1.0)) and the negative group (4.1 (2.0)) showed an intermediate PG I/PG II ratio. There was a significant difference in the PG I/PG II ratio among the four groups (p<0.005). Significant differences in the ratio were also found between the FGP alone group and the FGP+GA group (p<0.05), and between the FGP+GA group and the GA alone group (p<0.05). The histological score for mucosal atrophy was significantly different among the four groups at both the antrum and corpus.
DISCUSSION
Upper gastrointestinal polyps have been reported in 46-100% of patients with FAP. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Whereas duodenal adenoma is the most common lesion with a prevalence ranging from 40% to 92%, the prevalence of GA is 2-50% while that of FGP is 26-67%. In our study, gastric lesions were observed in 74% of FAP patients, and the prevalences of GA and FGP were 39% and 52%, respectively. These results are comparable with those reported in previous studies.
In the current study, we demonstrated that FGP and GA were closely associated with the degree of atrophic gastritis and H pylori status in FAP patients. FAP patients with FGP had a lower degree of atrophy or a higher PG I/PG II ratio and less frequent H pylori infections (table 2) , which may be associated with the fact that FGP tended to be detected in younger FAP patients (table 1) . 7 Similar results in non-FAP patients have been described in several studies. 20 35 Haruma and colleagues 20 demonstrated that FGP tends to arise from the non-atrophic gastric mucosa, in contrast with the foveolar hyperplastic polyps. Sakai and colleagues 35 reported H pylori infection in only three (4%) of 84 non-FAP patients with FGP. A recent abstract by Lakshman and colleagues 36 showed that H pylori infection was not detected in any of 64 FAP patients with FGP. In addition, our gene analysis results suggested that the development of FGP is independent of the truncating APC germline mutation (table 1) . 34 Conversely, FAP patients with GA showed a higher degree of atrophy than those without GA (table 2) . These results seem to be consistent with previously published data in non-FAP patients 18 37 38 ; GA has been reported to develop in patients with severely atrophic gastritis 18 38 or those with a low PG I/PG II ratio. 37 Such mucosal atrophy in non-FAP patients with GA is generally considered to be induced by H pylori infection. 39 In our study however, H pylori was only detected in 58% of FAP patients with GA (table 2). Our H pylori negative patients with GA showed a significantly higher PG I/PG II ratio than in H pylori positive patients with GA (4.0 (0.8) v 2.7 (1.2); p<0.05). Conversely, all of our patients with GA harboured the detectable APC gene mutation in contrast with those without GA (100% v 56%; table 1). These results suggest that the genesis of GA in H pylori negative patients may be directly associated with genetic abnormalities, as seen in adenomatosis in the colorectum or duodenum. 34 40-42 Toyooka and colleagues 41 detected somatic mutations in the APC gene in 26 of 29 (90%) GA in FAP while only three of 11 (27%) FGP had somatic mutations. Enomoto and colleagues 34 showed that GAs were less frequently found in FAP patients with a germline mutation at the proximal region of the APC gene up to codon 416 (exon 9) than in those with a more distal mutation; however, no such relationship was observed for FGP. Our finding that the proximal mutation group had GA less frequently than the distal mutation group (33% v 63%) thus closely correlated with their data. 34 These observations suggest that detectable mutations in the central region of the APC gene may be associated with the development of GA in FAP. In our study, five of 31 patients (16%) with FAP had both FGP and GA (FGP+GA group). Interestingly, patients in the FGP+GA group were regarded to have an intermediate grade of mucosal atrophy determined by the PG I/PG II ratio, histological scores, and H pylori seropositivity compared with the FGP alone group or the GA alone group (table 3) . As a result, patients in the FGP+GA group were considered to have a mildly to moderately atrophic gastric mucosa. The precise mechanisms of synchronous occurrence of the two lesions in the FAP patients remain unclear. We speculate that FGP develops in the non-atrophic gastric mucosa without H pylori infection in young FAP patients and thereafter GA arises during progression of antral mucosal atrophy, partly due to H pylori infection as well as other genetic or environmental factors. Long term follow up studies are necessary however to confirm this hypothesis.
In conclusion, the occurrence of gastric lesions in FAP was found to be closely associated with the degree of gastric mucosal atrophy and H pylori status. FGP is considered to arise in the non-atrophic mucosa without H pylori infection, irrespective of the APC gene mutation. Conversely, GA tends to occur in the atrophic mucosa with H pylori infection, and detectable mutations in the central region of the APC gene may be associated with its development. The necessity of eradicating H pylori still needs to be elucidated. Further investigations in a large number of patients, including genetic analyses, are therefore called for to clarify the mechanism of the development of gastric lesions in FAP.
